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MODULAR UPS 



Field of the Invention 

The present invention relates generally to modular systems, and more particularly, to 
5 modular UPS systems. 



Background of the Invention 

There are numerous types of Uninterruptible Power Supply (UPS) systems that supply 
backup alternating current (AC) or direct current (DC) power to one or more electrical loads. 
10 These UPS systems generally use batteries or types of other energy storage devices that supply 
such power when a main power supply (e.g., line power) is not available. For example, backup 
power is provided when power from an AC source performs outside acceptable limits or fails 
altogether. 

These UPS systems generally use multiple energy storage devices configured in 

15 parallel or in series to provide backup power. Due to varying power supply requirements of 
the equipment being powered by the UPS, there is a need to have a UPS system that is modular 
and can be tailored to meet the power supply requirements to one or more electrical loads. 
There are several different UPS systems that include modular components such as battery 
modules and power modules. Battery modules generally provide DC power for conversion by 

20 the UPS system to the necessary output power, and power modules accept battery power and 
perform the appropriate conversion depending on the output requirements. 

U.S. Patent Number 6,310,783 describes one such type of modular UPS chassis that 
accepts one or more battery modules (or packs) and power modules. In this system, a slot of 
the chassis can accept either a battery module or power module allowing a more flexible UPS 

25 system to be constructed with varying numbers of power modules and battery modules. 

There are a number of modular UPS systems that are commercially available. These 
existing modular UPS systems include replaceable power modules and battery modules 
provided in a frame, and these systems are each built and tested individually at the factory as a 
complete system. These UPS systems are generally custom-ordered by a customer and are 

30 provided in a variety of configurations. Such modular UPS systems are commercially- 
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available from a variety of vendors including the American Power Conversion Corporation 
(APC) of West Kingston, RI. 

Summary of the Invention 

Conventional modular UPS systems are limited to being built and configured at the 
5 factory, and often involve the use of custom components, thereby increasing their overall cost. 
One aspect of the invention relates to improving the modularity of UPS systems to reduce 
system cost and to increase the ease of assembly of such UPS systems. Another aspect of the 
invention relates to providing a modular UPS system that is capable of being assembled and 
serviced by field technicians. 

10 According to one aspect of the present invention, a modular UPS system is provided 

wherein UPS systems may be constructed using a number of different frame components. In 
one example, a core UPS frame is provided that can accept different combinations of power 
and battery modules, and an extension frame is provided that can be combined with the core 
frame to provide a larger UPS system. According to one embodiment, both the core and 

15 extension frame types may be used in either a standalone or rack-mounted configuration. Also, 
core frame types may be provided that allow for varying numbers of power and battery 
modules to be installed. These core frames may be combined with one or more extension 
frames (that allow, for example, for varying numbers of battery modules) to create one or more 
UPS systems that fulfill varying backup power requirements. These frames combination may 

20 be used, for instance, as a basis for either a rack-mounted or standalone UPS system. 

In conventional modular UPS systems, components are modular in that components 
may be mixed and installed within a particular frame type. However, such modularity does not 
extend to multiple frames. According to one aspect of the invention, a number of different 
core and extension frames are provided, each of which may be combined to form a UPS frame 

25 that accepts one or more battery and power modules. Battery modules, for example, may be 
adapted to work with either the core UPS or extension frames, and therefore, manufacturing 
costs are reduced, as fewer battery types need to be manufactured, supported, and stocked. 

Another aspect of the invention relates to packaging of UPS components such that the 
UPS frame need not include serviceable items. It is realized that in conventional UPS systems, 

30 some of the components used in these systems are permanently associated with the frames, 
such as a main system frame or expansion frame. If a fault occurs in one of these permanent 
components, it is necessary to ship the entire frame back to the manufacturer or other service 
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center for repair or replacement. One aspect of the invention relates to packaging components 
normally associated with a backplane or service module to one or more serviceable modules 
that can be removed and replaced in the field as necessary. 

According to one aspect of the invention, a module is provided that provides an 
5 interface between input and output terminal blocks and a UPS system backplane. According to 
one embodiment of the invention, elements typically located on the system backplane are 
located on this module, and interconnects are provided to connect these elements to other 
components of the modular UPS system. In this manner, elements that have a tendency to fail 
may be placed on a module that is field-serviceable, and therefore, the frame does not need to 

10 be repaired or replaced requiring the frame to be shipped to the manufacturer or service center. 
In one embodiment, a module is provided that includes input signal conditioning and switching 
components. According to one embodiment of the present invention, the module includes an 
input circuit breaker, bypass switching element, and a filter circuit. According to another 
embodiment, the module includes one or more current sensors. One or more such elements are 

15 conventionally associated permanently to the UPS system. 

Conventional UPS systems are also limited in that modules used with stand-alone 
systems are generally different than those used for rack-mounted systems. As a result, there is 
an increased cost associated with designing and producing different module types for both 
rack-mounted and standalone systems. Another aspect of the invention relates to a modular 

20 UPS system having components that may be used in either a standalone system or a rack- 
mounted system. According to one embodiment, frame components and their associated 
modules may be designed such that they fit in a rack-mounted enclosure as well as a stand- 
alone unit. For example, a stand-alone UPS unit may be constructed using one or more 
exterior skin sections and door components that mount on the frame components to produce 

25 the stand-alone UPS system. In one example, door components may be designed that they can 
be used in multiple frame configurations. Standard frame components used in a rack-mounted 
configuration may accept casters and leveling feet in a stand-alone configuration. Because one 
or more components may be used in both configurations, the number of discrete components 
needed to be produced for the rack-mount and stand-alone versions of the UPS system is 

30 reduced, and therefore, manufacturing, ongoing maintenance and supply costs associated with 
producing and repairing the UPS system are also reduced. 
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According to one aspect of the invention, it is realized that the design of the structural 
housing of a battery module frame is generally restricted to the geometry of the batteries that 
are contained by the housing. Conventionally, battery modules having different geometries 
(and also different frames) are used for standard power module/battery module frame 
5 applications and extension frames that house only battery modules. According to one 
embodiment of the invention, an improved design of a battery module is provided that 
optimizes use for both core and extension frames. According to another aspect, a battery 
module is provided that may be oriented in one of a plurality of orientations, depending on the 
frame type in which it is installed. Another aspect of the invention relates to connectors, 
10 handles, and support/alignment systems associated with the battery module that facilitates 
multiple orientations. 

In one aspect of the invention, it is realized that it may be preferable to provide frame 
components that can be used as a part of a rack-mounted system. However, it is appreciated 
that conventional techniques for supporting equipment in a rack are insufficient for mounting 

15 components having the size and weight of a frame-based UPS system. More particularly, 
conventional mounting techniques involve mounting a hardware piece (e.g., a cleat) to both 
sides of the equipment component to be mounted, and each hardware piece slides into a 
respective rail mounted to vertical rack mount support members. However, this conventional 
mounting method is difficult to use with heavier components (e.g., components weighing 40 

20 lbs or more), as it becomes difficult for the installer to adequately align the hardware pieces to 
their respective tracks due to the heavy weight of the component to be guided onto the tracks. 
More specifically, installation of the component in the equipment rack becomes difficult due to 
side-to-side misalignment between the component and the rail system mounted to the rack. 

Therefore, an improved method for mounting such components is needed that reduces 

25 the difficulty of installation. One such method compensates for additional tolerance and 

minimizes the weight handling burden on the installer. According to one aspect of the present 
invention, a support member is provided that supports a frame component from underneath the 
component, allowing the frame component to be easily slid into a rack. According to another 
aspect, the support member includes a secondary support that secures the frame component 

30 from the rear when the component is fully inserted into the rack. In this manner, the 

installation is made easier as the installer need not perform a detailed alignment (e.g., a cleat 
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with a track), and the installer need not have access to the rear of the rack to secure the 
component. 

According to one aspect of the present invention, an uninterruptible power supply 
(UPS) system is provided comprising one or more frame components, of which a first frame 
5 component is adapted to hold at least one of a plurality of modules including at least one power 
module and at least one battery module, the frame component being capable of being installed 
as a stand alone unit or being installed as part of a rack-mounted system. According to one 
embodiment of the present invention, the UPS system includes a second frame component, the 
second frame component being adaptively coupled to the first frame component and being 

10 capable of holding one or more modules. According to another embodiment of the present 
invention, the second frame component is adaptively coupled to the first frame component by 
at least two support members attached to respective side portions of the first frame component 
and the second frame component. 

According to another embodiment of the present invention, the UPS system further 

15 comprises a door component that is removably mounted to a front side of the UPS system. 

According to another embodiment of the present invention, the UPS system further comprises 
a door component that includes a plurality of faceplate components, the number of faceplate 
components depending at least in part on the height of the one or more frame components. 
According to another embodiment of the present invention, at least one of the plurality of 

20 faceplate components may be used in two different doors having different heights. According 
to another embodiment of the present invention, the door component includes at least one bezel 
component that may be installed in at least one other door component that has a different 
height than the door component. According to another embodiment of the present invention, 
the door component includes a plurality of side pieces that are each formed to suit the height of 

25 the UPS system. 

According to another embodiment of the present invention, the door component is 
adapted to accept a plurality of bezel components, wherein the number of the plurality of 
bezels accepted by the door component depends on the door height. According to another 
embodiment of the present invention, the door component further comprises a frame, and 

30 wherein at least one of the plurality of bezel components is attached removably within the door 
frame is removable independently of the other of the plurality of bezel components. According 
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to another embodiment of the present invention, the at least one of the plurality of bezel 
components includes an acrylic plastic. 

According to another embodiment of the present invention, the door component is 
removable from the front of the UPS system. According to another embodiment of the present 
5 invention, the door component is removably attached at a bottom edge of the door to a frame of 
the UPS system. According to another embodiment of the present invention, the door 
component is removably attached at a top edge of the door to a frame of the UPS system. 

According to another embodiment of the present invention, the first frame component, 
if configured in a stand-alone unit, further comprises a plurality of covers, at least one of which 
10 is coupled to an exterior surface of the first frame component. According to another 

embodiment of the present invention, the UPS system is in a standalone configuration, and 
wherein the first frame component is capable of accepting at least one or more casters. 

According to another embodiment of the present invention, the UPS system further 
comprises a battery module, the battery module being capable of being installed in the first 
15 frame component in a first orientation, and the battery module being capable of being installed 
in the second frame component in a second orientation. According to another embodiment of 
the present invention, the first orientation and the second orientation are not the same 
orientation. 

According to another embodiment of the present invention, the first frame component, 
20 if installed in a rack-mounted UPS system, includes a support member coupled to the rack and 
supporting, from underneath the first frame component, the first frame component as it is 
positioned in the rack. According to another embodiment of the present invention, the support 
member includes a secondary support member that, when the first frame component is 
positioned in the rack, prohibits vertical movement of the first frame component. According to 
25 another embodiment of the present invention, the secondary support member is adaptively 
coupled to the first frame component through an opening in the first frame component when 
the first frame component is fully inserted in the rack. According to another embodiment of 
the present invention, the secondary support member is adaptively coupled to the first frame 
component without requiring rear access to the rack. According to another embodiment of the 
30 present invention, the support member includes an associated support member positioned in an 
opposing side of the rack, the associated support supporting from underneath the first frame 
component, the first frame component as it is positioned in the rack. 
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According to one aspect of the present invention, a battery module associated with one 
or more modular uninterruptible power supply (UPS) system units is provided. The UPS 
system units including at least two different frame types, each of which include a respective at 
least one frame portion in which the battery module is located, the battery module being 
5 capable of being oriented in at least one of a plurality of orientations within the at least one 
frame portion of the two different frame types, respectively. According to one embodiment of 
the present invention, the battery module further comprises a connector that is connectable in 
at least two different orientations. According to another embodiment of the present invention, 
the connector is an electrical connector. According to another embodiment of the present 

10 invention, the electrical connector is adapted to provide backup power to one or more loads 
associated with the UPS system. 

According to another embodiment of the present invention, the battery module further 
comprises a handle for inserting and removing the battery module, the handle having at least 
two different orientations. According to another embodiment of the present invention, the 

15 battery module further comprising a first alignment element that is coupled to a second 

alignment element associated with a first frame portion of one of at least two different frame 
types in which the battery module is inserted when the battery module is in a first orientation 
with respect to the first frame portion, and wherein the battery module further comprises a third 
alignment element that is coupled to a fourth alignment element associated with a second 

20 frame portion of another of at least two different frame types in which the battery module is 
inserted when the battery module is in a second orientation with respect to the second frame 
portion. According to another embodiment of the present invention, the battery module is 
installed as part of a UPS system comprising a core frame type and an expansion frame type, 
the expansion frame type being capable of storing additional battery modules, wherein the 

25 battery module is capable of being inserted in the expansion frame type in a different 

orientation than that of a battery module installed in the core frame type. According to another 
embodiment of the present invention, the battery installed in the core frame type and the 
battery installed in the expansion frame type is the same type of battery module. According to 
another embodiment of the present invention, the same battery type is used in the core UPS 

30 frame type and the expansion frame type. 

According to one aspect of the present invention, a support rail for a rack-mounted 
system is provided comprising an element that couples the support rail to a front vertical rack 
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mount rail, an element that couples the support rail to a rear vertical rack mount rail, a ledge 
piece that supports the rack-mounted system from underneath the rack-mounted system, and a 
rear support member, that, when the rack-mounted system is inserted into the rack, secures the 
rack-mounted system from moving in a vertical direction. According to one embodiment of 
5 the present invention, the rear support member is a c-shaped portion that engages an opening of 
the rack-mounted system. According to another embodiment of the present invention, the 
support rail is adapted to be installed on an interior side of the rack, and wherein the ledge 
piece extends into the interior of the rack. According to another embodiment of the present 
invention, the support rail includes a first and second rail portions, the first rail portion being 

10 insertable within the second rail portion, allowing the support rail to be extended to varying 
lengths between front and rear vertical mount rails. According to another embodiment of the 
present invention, the support rail is made at least in part of steel material. According to 
another embodiment of the present invention, the support rail is installed as part of a support 
system including another support rail positioned on opposite vertical rails within the rack. 

15 According to another aspect of the present invention, a module is provided for use in a 

modular uninterruptible power supply (UPS) system, the UPS providing backup power to one 
or more electrical loads, the module comprising input signal conditioning and switching 
components. According to one embodiment of the invention, the switching components are 
bypass switching components used to bypass power module components of the UPS system. 

20 According to another embodiment of the present invention, the module further comprises an 
input circuit breaker that receives an input power supply, the circuit breaker having one or 
more alternating current (AC) outputs, a filter circuit that is coupled to the one or more outputs 
of the input circuit breaker, and provides one or more filtered AC outputs, a relay element that 
receives one or more filtered AC outputs, and provides the one or more filtered AC outputs to a 

25 backplane component, and a bypass switching element that receives the filtered AC outputs 
and is adapted to bypass the relay element to provide electrical signals associated with the 
filtered AC output directly to the one or more electrical loads. 

Further features and advantages of the present invention as well as the structure and 
operation of various embodiments of the present invention are described in detail below with 

30 reference to the accompanying drawings. In the drawings, like reference numerals indicate 
like or functionally similar elements. Additionally, the left-most one or two digits of a 
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reference numeral identifies the drawing in which the reference numeral first appears. All 
references cited herein are expressly incorporated by reference. 



5 Brief Description of the Drawings 

The accompanying drawings are not intended to be drawn to scale. In the drawings, 
each identical or nearly identical component that is illustrated in various figures is represented 
by a like numeral. For purposes of clarity, not every component may be labeled in every 
drawing. In the drawings, 
10 Figure 1 shows a front view of a modular UPS system according to one embodiment of 

the present invention; 

Figures 2A-2C show aspect, front and rear views, respectively, of a core UPS frame 
according to one embodiment of the present invention; 

Figures 3 A-3C show aspect, front and rear views, respectively, of a UPS extension 
15 frame according to one embodiment of the present invention; 

Figures 4A-4B show an example configuration of a UPS system using modular frames 
according to one embodiment of the present invention; 

Figures 5A-5B show front and rear views, respectively, of the example UPS 
configurations shown in Figures 4A-4B, according to one embodiment of the present 
20 invention; 

Figure 6 shows a front view of the example UPS configuration shown in Figures 4A- 
4B, having a number of battery and power modules installed according to one embodiment of 
the present invention; 

Figures 7A-7C show aspect, front, and rear views, respectively, of an AC tray module 
25 according to one embodiment of the present invention; 

Figures 8A-8C show aspect, front, and rear views, respectively, of an I/O module 
according to one embodiment of the present invention; 

Figures 9A-9C show aspect, front, and rear views, respectively, of a power module 
according to one embodiment of the present invention; 
30 Figures 1 OA- 10C show aspect, front, and rear views, respectively, of a battery module 

according to one embodiment of the present invention; 
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Figure 1 1 shows an exposed view of a battery module according to one embodiment of 
the present invention; 

Figures 12A-12C show aspect, front and rear views of an example UPS system 
configuration according to one embodiment of the present invention; 

Figures 13A-13D show aspect, caster detail, front and rear views of a caster system 
according to one embodiment of the present invention; 

Figures 14A-14B show aspect views of a UPS door assembly according to one 
embodiment of the present invention; 

Figure 15 shows an exploded view of a UPS door assembly according to one 
embodiment of the present invention; 

Figures 16A-16C show aspect, rear, and top views of a bezel that may be used in a UPS 
door assembly according to one embodiment of the present invention; 

Figures 17A-17B show left and right hand support rails, respectively, that may be used 
in association with a modular UPS according to one embodiment of the invention; 

Figures 18A-18B show installation of a rail into a rack assembly according to one 
embodiment of the present invention; 

Figure 19 shows an installed rail according to one embodiment of the present invention; 

Figure 20 shows an installed rail according to one embodiment of the present invention; 

Figure 21 shows a circuit diagram of an AC tray circuit according to one embodiment 
of the present invention; and 

Figure 22 shows a circuit diagram of an AC tray circuit according to another 
embodiment of the present invention. 

Detailed Description 

According to one aspect of the invention, a frame-based modular UPS system is 
provided that could be used both in a rack-mounted configuration and in a stand-alone 
configuration. Figure 1 shows a front view of a modular UPS system according to one 
embodiment of the present invention. A modular UPS system 100 includes a frame 101 that 
includes a number of bays that can accept a number of modules associated with the UPS 
system. For example, one or more bays within the frame may be adapted to house one or more 
power modules 102 and one or more battery modules 103. As discussed above, the UPS 
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system 100 may be modular in that the system may be equipped with a varying number of 
power modules and battery modules. 

A modular UPS system according to one embodiment of the invention may be provided 
by the manufacturer with modules (e.g., power modules 102, battery modules 103, etc.) 
5 installed, or the UPS frame may be provided separately from the modules for installation and 
configuration in the field by field technicians. In this manner, costs for manufacturing the UPS 
system may be reduced. 

According to one aspect of the invention, frame 101 of UPS system 100 is sized such 
that the frame will fit within a standard rack mount configuration. Standard rack-mount 

10 systems are well-known in the art and are available from a variety of vendors. Such rack- 
mount systems are typically used to house server and telecommunication equipment and 
cabling within the data center, and generally have a set horizontal distance between vertically- 
oriented rails (e.g., 19 inches) to which equipment is mounted. Generally, such equipment is 
screwed into drilled openings within each rail of the rack-mount configuration and secured 

15 with brackets. Therefore, according to one embodiment of the invention, frame 101 may have 
an overall dimension that fits within the rail openings within a standard telecommunication 
rack. 

According to one aspect of the invention, modularity of the UPS system is extended to 
the frame level allowing for the creation of a variety of UPS systems based on frames which 

20 can be combined in various combinations to create different versions of a UPS system. 

According to one aspect of the invention, such frames include core frames which include, for 
example, system modules for managing the UPS system, one or more power modules, and one 
or more battery modules. Such core frames may be offered in any number of sizes having 
different numbers and combinations of bays. In the example shown in Figure 1, a core frame 

25 is shown having five bays for holding five power modules 1 02, and four bays for holding four 
battery modules 103. 

Although a particular number of power module and battery module bays are shown, the 
invention is not limited to any particular number, type or combination of bays. Rather, any 
number and configuration of power module and/or battery module bays may be used. 
30 Modular UPS system 100 may include one or more elements of a UPS system as 

described in copending U.S. Patent Application entitled "Methods and Apparatus for Providing 
Uninterruptible Power" by Frank Masciarelli, et al., filed January 23, 2004 under Attorney 
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Docket Number A2000/7001 19, copending U.S. Patent Application entitled "Method and 
Apparatus for Monitoring Energy Storage Devices" by Srdan Mutzbdzija, filed January 23, 
2004 under Attorney Docket Number A2000/700019, and copending U.S. Patent Application 
entitled "Power Terminal Block" by David Schuttler et al., filed January 23, 2004 under 
5 Attorney Docket Number A2000/70 1319, each of which applications are incorporated by 
reference in their entirety. 

Figures 2A-2C show aspect, front and rear views, respectively, of a core UPS frame 
according to one embodiment of the present invention. In particular, Figure 2A shows an 
aspect view of a core UPS frame 200 according to one embodiment of the present invention. 

10 Such a frame may be constructed using sheet metal made of steel (e.g., 1010-1020 CRS) or 
other material and may be assembled by a variety of techniques include fasteners, welding or 
interlocking structure members. According to one aspect of the invention, frame 200 is sized 
to fit within a standard rack-mounted enclosure. Frame 200 may also include a number of bays 
that incorporate power and battery modules (e.g., power module bay 201, battery module bay 

15 202). 

Figure 2B shows a front view of frame 200 including a number of bays 203 with the 
power, battery, and other modules removed. Access to such bays is provided, for example, to a 
field technician or other person to install one or more power modules and battery modules in 
the field. According ton one aspect of the invention, the UPS frame does not include active 

20 components of the UPS system. These active components are generally items that can fail, and 
therefore must be replaced. Because serviceable items are removed from the frame, the frame 
need not be shipped back to the manufacturer or other service center for repair or replacement. 

Figure 2C shows a rear view of frame 200 having one or more bays 204, 205 that 
include additional UPS system components. For example, such bays may house one or more 

25 communication modules, I/O connector tray, or other component that may be modularized. 

Although Figures 2A-2C show a frame 200 having particular number of power module 
and battery module bays, it should be appreciated that the invention is not limited to any 
particular quantity or combination of bays, and a core frame may include any number of power 
module or battery module bays. For instance, another type of core UPS frame may be 

30 provided that includes three power modules bays and two battery bays. There may also be an 
extension frame that extends, for a core UPS frame additional power module bays and battery 
module bays. For instance, a frame that holds two additional power modules and two 
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additional battery modules may be provided that can be attached physically to the bottom of a 
core UPS frame 200 as shown discussed above with reference to Figures 2A-2C. 

According to another aspect of the invention, an extension frame is provided that can 
be combined with a core frame to provide a larger and more capable UPS system. According 
5 to one embodiment, the extension frame is capable of accepting one or more additional battery 
modules to provide additional backup power capabilities to the UPS system. 

Figure 3A shows an aspect view of a UPS extension frame according to one 
embodiment of the invention. As shown, frame 300 includes 1 or more module bays 301 that 
accept additional battery modules for providing backup power to loads attached to a UPS 

10 system. The extension frame 300 may be attached to a core UPS frame such as that shown in 
Figures 2A-2C as described above. Frame 300 may also include an opening 302 through 
which electrical connections are passed. More specifically, opening 302 may be aligned with a 
corresponding opening (not shown) in a core UPS frame (e.g., frame 200) through which one 
or more power cables associated with battery outputs of battery modules may be passed 

15 through to the core UPS frame. In this manner, electrical connections are fully enclosed within 
the UPS system, where they may remain free from damage. 

Figure 3B shows a front view of frame 300 having nine bays in which battery modules 
may be inserted. At the rear of each bay, frame 300 includes an electrical connector which 
mates to a corresponding connector located at the rear of an inserted battery module. As 

20 described further below in conjunction with battery modules according to various 

embodiments of the invention, the extension frame bays may be oriented in an alternative 
direction so that more battery modules may be included within the frame, yet still maintaining 
the extension frame within the confines of a rack-mounted enclosure (e.g., having an inside 
width between vertical rack rails of 19 inches). Because the same type of battery module may 

25 be used in both the core UPS frame and extension frames, the cost of manufacturing, 
supporting, and supplying battery modules is reduced. 

Figure 3C shows a rear view of frame 300. As shown, frame 300 may include an 
opening 304 in which a support member may be inserted to prohibit the extension frame from 
vertical movement within a rack-mounted configuration. Such a support member is discussed 

30 in more detail below. 

Although Figures 3A-3C show a frame 300 having nine bays for storing one or more 
battery modules, it should be appreciated that other frame configurations that incorporate 
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different number of battery modules may be provided, and the invention is not limited to any 
particular configuration and number of battery module bays. For instance, an extension frame 
that holds three battery modules (e.g., one row of frame 300) may be provided that can be 
combined with a core UPS frame or any other number of extension frames to form an 
5 expanded UPS system. 

Figures 4A-4B show an example configuration of a UPS system using modular frames 
according to one embodiment of the present invention. In particular, Figure 4A shows how a 
core UPS frame 401 may be combined with extension frame 402 to produce an assembled 
tower 404. Such a tower may be constructed using one or more attaching members between 

10 frames 401 and 402 such as brackets 403. Frames 401 and 402 may be shipped assembled 

from the factory or installed by a field technician using typical equipment installation methods. 
For example, brackets 403 maybe attached to frames 401, 402 using sheet metal screws or 
other appropriate attachment methods that can be executed by field personnel. 

Figure 4B shows an assembled tower 404 using core UPS frame 401, extension frame 

15 402, a number of brackets 403 and a number of fasteners (e.g., screws). It is noted that such a 
tower 404 configuration may be used either as a stand-alone unit or in a rack-mounted 
configuration. 

Figures 5A-5B show front and rear views, respectively, of the example UPS 
configurations shown in Figures 4A-4B, according to one embodiment of the present 

20 invention. Figure 5A shows an exploded view of a tower assembly including a core UPS 
frame 401 attached to an extension frame 402. Frames 401, 402 may be attached by one or 
more brackets 501 A, 501 B and may be separated by one or members 502 A. For example, 
number 502 A may be a structural support member that attaches to brackets 501 A-501B and 
provides some additional support of core UPS frame 401. 

25 Figure 5B shows a rear view of tower configuration shown in Figure 5A. In Figure 5B, 

frame 401 may be attached to frame 402 by one or more brackets 50 1C, 50 ID and may be 
separated by one or more members 502B. 502B may be functionally similar to member 502A 
as discussed above. 

Figure 6 shows a front view of the example UPS configuration shown and described 
30 above with reference to Figures 4A-4B and Figures 5A-5B. In particular, Figure 6 shows a 
UPS system 600 having a number of battery and power modules installed within the UPS 
system 600. More particularly, the UPS system 600 includes a number of UPS power modules 
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601 inserted into bays of system 600. Further, battery modules are shown as being inserted 
into the core UPS frame (item 602). Further, within the extension frame are installed a number 
of XR battery modules 603. According to one embodiment, battery modules installed within 
the core UPS frame are of the same type that are installed in the extension frame. More 
5 particularly, battery 604 inserted in the core UPS frame may be of the same type as a battery 
605 installed in the attached extension frame. In the extension frame, however, the battery 
may be oriented in a different orientation than in core UPS frame, so that a maximum number 
of batteries may be installed within a standard rack-mount system. 

As discussed above, various aspects of the invention relate to packaging of UPS 

10 components such that the UPS frame need not include serviceable items. Therefore, 

components that conventionally are permanently associated with the UPS frame may be 
modularized so that such components may be removed and replaced in the field as necessary. 

As discussed above, serviceable components may be removed from the UPS system 
onto different modules. One such module is shown with particularity in Figures 7A-7C which 

15 show aspect, front, and rear views, respectively, of an AC tray module according to one 

embodiment of the present invention. In particular, AC tray module 700 includes one or more 
components associated with receiving and handling AC power provided by an incoming line. 
A more detailed drawing of system components associated with AC tray module 700 are 
discussed below with reference to Figure 20. For example, components associated with input 

20 filtering of the input AC signal may be included on AC tray module 700. Module 700 may 
also include an input circuit breaker 704 that isolates the UPS system from overages in input 
power. Modules 700 may also include an input filter 703 and other devices to perform filtering 
operations or signal conditioning functions on the input signal. Module 700 may also include 
one or more elements that perform suppression of transient voltage (e.g., voltage spikes) 

25 signals present on the input signal. 

Module 700 may also include a bypass switch 705 which allows the UPS system to 
bypass a power module for providing output power to one or more loads coupled to the UPS 
system. Such bypasses may be, for example, manual or may be actuated using an 
electromechanical device such as a relay. 

30 Module 700 interfaces to other UPS system cards via terminal blocks located at the rear 

of module 700. A rear view of module 700 is shown with more particularity in Figure 7C. 
More particularly, module 700 includes one or more terminal blocks that connect to other UPS 
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system components, including, for example, a terminal block which is coupled to an I/O 
terminal that connects to input power (e.g., line power). Module 700 connects, in turn, to the 
system back plane of the UPS system via terminal block 702. Such connections include, for 
example, connections to output loads and connections to individual power modules to provide 
5 condition power. 

Figure 7B shows a front view of AC tray module 700 which, in one embodiment, 
includes one or more handles 706 to allow for removal and/or insertion of module 700 from the 
UPS system frame (e.g., a core UPS system frame). 

Because such elements are no longer permanently associated with the UPS system 

10 frame, these elements are more easily serviced, and are easier and more cost effective to 

manufacture and test. Although Figures 7A-7C show particular components associated with an 
AC tray module, it should be appreciated that one or more of these components may be located 
on different modules, and therefore the invention is not limited to any particular module 
configuration or component location. Rather, aspects of the invention relate to modularizing 

15 serviceable components separately from the UPS frame. 

Figures 8A-8C show aspect, front, and rear views, respectively of an I/O module 
according to one embodiment of the present invention. In particular, I/O hardware module 801 
is provided that allows for a simplified connection by an installer. More particularly, electrical 
connections to the UPS system (e.g., input power) are created through an I/O hardware module 

20 801 which accepts a number of external cable connections having wires that are attached to 

terminal blocks located in I/O hardware module 801 which are coupled to a plurality of output 
pins 803 that transfer the electrical signals to the UPS system. An example of such an I/O 
hardware module 801 is described with more particularity in pending U.S. Patent Application 
entitled "Power Terminal Block" by David Schuttler et al., filed January 23, 2004 under 

25 Attorney Docket Number A2000/70 1319, herein incorporated by reference in its entirety. 

Because the electrical connections of cables are made on a removeable module, an 
installer may, prior to installation of the module in the UPS system, attach input wires to 
terminal locks 802, and once attached, the module may be inserted into a rear bay of the UPS 
system. This modularization allows, for example, an easier access to terminal blocks, as they 

30 may be removed by the installer to secure the input wires. 

Figure 8B shows a rear view of I/O hardwire module 801 including one or more 
openings 804 through which cables may be inserted for attachment of their associated wires to 
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terminal blocks 802. Figure 8C shows a front view of I/O hardwire module 801 including a 
plurality of pins for transferring electrical signals received at terminal blocks 802 to the UPS 
system. 

Figures 9A-9C show aspect, front, and rear views respectively, of a power module that 
5 may be used with the UPS system according to one embodiment of the present invention. 

More particularly, power module 901 includes circuitry that accepts battery power from battery 
modules and performs an appropriate output signal generation depending on load requirements 
of loads attached to the UPS system. For instance, the power module may accept DC power as 
provided by one or more battery modules and convert the accepted DC power to AC power for 
10 powering one or more loads. The power modules and their associated conversions are well- 
known in the art. 

Power module 901 may also include at the rear of the power module 901, a connector 
902 that includes electrical connections for receiving input power (e.g., condition power as 
provided by AC tray module 700) and output connectors that provide the appropriate output 
15 signals to one or more loads. 

Figure 9B shows a front view of power module 901 which may include, for example, 
one or more handles for removing and/or installing module 901 within the UPS frame. 

Figure 9C shows a rear view of the power module 901 and shows more particularly 
connector 902. Connector 902 may in turn mount to a mating connector located at the rear of a 
20 power module bay associated with a core UPS frame (e.g., as discussed above with a reference 
to Figures 2A-2C). 

Figures 1 OA- 10C show aspect, front, and rear views, respectively, of a battery module 
according to one embodiment of the present invention. In particular, Figure 1 OA shows a 
battery module 1001 that may be inserted into a battery module bay associated with a core UPS 

25 frame or extension frame (e.g., as discussed above with reference to Figures 2A-2C and 3 A- 
3C). Battery module 1001 includes a connector 1002 which electrically connects batteries 
within battery module 1001 to one or more power module associated with the UPS system. 
Connector 1002 may also provide monitoring capabilities for the UPS system for monitoring 
operating condition of battery module 1001. 

30 Figure 10B shows a front view of module 1001 including one or more handles 1003, 

1004 for inserting/removing module 1001 from a battery module bay of a core UPS frame or 
extension frame. According to one aspect of the present invention, battery module 1001 may 
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be capable of being installed in two different orientations within a frame. For example, 
module 1001 may be installed in a horizontal position as shown in Figure 10B, and is shown 
more particularly in Figure 6 with respect to UPS battery module 602. When removing such 
batteries, a handle 1003 is used for lifting the battery module over a ridged edge of the core 
5 UPS battery module bay. Similarly, if a battery module 1 001 is installed in a vertical 
orientation as shown above with reference to Figure 6 in XR battery module 603, battery 
module 1001 may be removed using handle 1004 by lifting on the handle 1004 to vertically 
move the battery beyond a leading ridge that secures the battery module and the extension 
frame. 

10 Figure 10C shows a rear view of battery module 1 001 which includes a more detailed 

view of connector 1002. According to one embodiment of the invention, the connector is 
connectible to a mating connector located at the rear of a battery module frame bay when the 
battery module is located in either of a number of different orientations. As discussed above 
with reference to Figure 6, battery modules may be oriented in either a vertical or horizontal 

15 configuration and therefore connectors located at the rear of these battery module bays may 
also be oriented either in the horizontal or vertical direction to mate with battery connector 
1002. Alternatively, a connector may be provided with a battery module that is capable of 
mating with a corresponding mating connector in more than one orientation. It should be 
appreciated however that the invention is not limited to the connector of the frame being 

20 oriented in a different direction, or the battery module connector being capable of connecting 
to a corresponding mating connector in multiple orientations. 

Figure 1 1 shows an exposed view of a battery module 1 101 according to one 
embodiment of the present invention. In particular, battery module 1 101 includes a housing 
1 102 that may be, for example, manufactured of a metal enclosure. This enclosure contains 

25 and supports one or more individual batteries 1 103 that are electrically connected to the UPS 
system via connector 1 104. Batteries 1 103 may, for example, include ten (10) 12-volt batteries 
arranged in series to provide a 120 volt DC power source. Therefore, battery module 1101 
may include electrical connections (not shown) between the individual batteries that provide 
such a series configuration. 

30 As discussed above, a modular UPS is provided that could be used both in a rack- 

mounted configuration and in a stand-alone configuration. Figures 12A-12C show aspect, 
front and rear views of an example stand-alone UPS system configuration according to one 
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embodiment of the present invention. In particular, UPS system 1201 may be provided that 
includes one or more frames, (e.g., core UPS and/or extension frames) that can be used for the 
basis of a UPS system. As shown in Figure 12 A, a tower assembly 1202 including a core UPS 
and extension frame, a stand-alone UPS system may be construction. 
5 On system 1201 may be installed a plurality of cover pieces 1203, 1204 that are 

coupled to the one or more frames and improve the aesthetic quality of the UPS system 1201 . 
Such pieces 1203, 1204 may be capable of being installed, for example, by technicians in the 
field. 

Side pieces 1203A-1203B may be installed on alternate sides of the tower assembly 

10 1202. For instance, side pieces 1203A-1203B may be, for example, made of a plastic material, 
finished sheet metal, or other material typically used for encasing components. Pieces 1203A- 
1203B may attached to tower assembly 1202 using a number of fasteners such as screws, plugs 
or the like, that are capable of being installed by field technicians. Side pieces 1203A-1203B 
may come in a variety of sizes to suit the variety of frame sizes that may be created using core 

15 UPS frames and extension frames. A top piece 1204 may be used to cover the tower assembly 
1202 and may be made of similar material as side pieces 1203A-1203B. 

Figures 12B and 12C show front and rear views, respectively, of the tower assembly 
1202 with side pieces 1203 and top piece 1204. As can be seen in Figures 12B and 12C, side 
pieces 1203 may be attached to the frame by one or more fasteners such as screws that are 

20 attached to frames of the tower assembly 1202. It should be appreciated that covers attached to 
tower assembly 1202 may be any type of material attached in any manner to improve the 
aesthetic quality of the stand-alone unit, and the invention is not limited to any particular type 
of cover material or attachment method. 

Further, the stand-alone unit may be equipped with one or more caster elements 1302 

25 that allow the stand-alone unit to be moved or alternatively, remain in a stationary position. 
Figures 13A-13D show aspect, caster detail, front and rear views of a caster system that may 
be used with a UPS system according to one embodiment of the present invention. As shown 
in Figure 13 A, a caster element 1302 A may be attached to the bottom of a frame component 
associated with a UPS system 1201. Element 1302A may be attached, for example, using one 

30 or more fasteners (e.g., screws) that secure the caster element 1302 A to the frame. Caster 
elements 1 302A may be, for example, secured to either a core UPS frame or an extension 
frame, depending on the configuration. 
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Figure 13B shows more detail of a caster element 1302A according to one embodiment 
of the invention. Caster element 1302 A includes a mounting plate 1205 which is attached to a 
frame component associated with a UPS system 1201. Caster element 1302A also include a 
wheel 1304 that allows the UPS system to be moved to its destination. Element 1302A also 
5 includes a foot 1303 which, when lowered, allows the UPS system unit 1201 to be leveled and 
secured in place. 

Figures 13C and 13D show front and rear views, respectively, of UPS system 1201 
which includes four caster elements (items 1302A-1302D) attached near each corner of the 
UPS frame. 

10 As discussed above, a stand-alone UPS system (e.g., UPS system 1201) may be used in 

a stand-alone configuration. To further improve the aesthetic appearance of the UPS system, 
to reduce noise generated by UPS components, and to assist in distributing air flow, a door 
assembly 1401 may be provided that covers certain internal details of the UPS system. Figures 
14A-14B show aspect views of a UPS door assembly according to one embodiment of the 

15 present invention. More particularly, door assembly 1401 may be attached to the front of a 
UPS system 1201 to cover up days associated with one or more of the modules. More 
particularly, door assembly 1401 may include elements that hide one or more power and/or 
battery modules installed in UPS system 1201. 

Door assembly 1401 may attach to the UPS system 1201 at the bottom edge of a frame 

20 of the UPS system and near a top edge of the UPS system frame. More particularly, door 
assembly may include one or more brackets (e.g., brackets 1402A-1402B) that attach to 
openings created near a bottom edge of the UPS system frame (e.g., a core UPS frame or 
extension frame). Brackets 1402A-1402B may be hinged such that door assembly 1401 may 
be pulled away from the top of the UPS system cabinet and the door assembly may be removed 

25 from the openings at the front bottom edge of the UPS system cabinet. Door assembly 1401 
may also attach to the UPS system frame by one or more fasteners. For example, these 
fasteners may be removable and allow the door assembly 1401 to be freely removed from the 
UPS system cabinet. In one embodiment, door assembly 1401 includes a plurality of latch 
elements 1403A-1403B which insert into respective mating elements within UPS system 1201. 

30 These fasteners may be, for example, traditional roller type latches or any other removable 
fastener. 
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Figure 15 shows an exploded view of a UPS door assembly (e.g., door assembly 1401) 
according to one embodiment of the present invention. More particularly, door assembly 1401 
includes a plurality of covers that cover details within the UPS system frame. These covers 
may be, for instance, one or more bezels 1 504 that can be selected according to the modules in 
5 associated bays being covered. For instance, there may be different sizes of bezels that cover 
different size bays (e.g., 1U, 2U, 3U, etc.) Such bezels 1504 may be chosen selectively by a 
technician assembling a door in the field, or at a local installation center. 

Assembly 1401 includes one or more side rails 1503 which hold the bezels into place. 
Assembly 1041 may include a top cap 1501 and a bottom cap 1502 which keep the bezels 1504 

10 from sliding out of the assembly. In one embodiment of the invention, components of door 

assembly 1401 may be selected and used for doors having different sizes that cover a variety of 
core and extension UPS frames. Side rail 1503 may be sized according to the height of the 
UPS unit with which the door assembly 1401 is installed. 

Top cap 1501 and bottom cap 1502 may be made of sheet metal material and attached 

15 to side rails 1 503 using screws or any other method of attachment. For instance, top and 
bottom brackets may be fabricated using galvanized, pre-plate 1010-1020 CRS. Side rails 
1503 may be manufactured using extruded aluminum. Bezels 1504 may be manufactured 
using plastic material which is injection-molded. Other material types and attachment methods 
may be used, and the invention is not limited to any particular types of materials or fastening 

20 methods. 

As discussed above, one or more bezels 1504 may be inserted into door assembly 1401. 
These bezel components may be, for example, slid into side rails 1503, or inserted and/or 
removed using attachment elements associated with a bezel component. For instance, the 
bezel component may include a latch that engages a portion of the door assembly 1401, which, 
25 when pressure is applied, disengages from the door assembly 1401 . Such attachment may 
include a latch or any other attachment method. 

Figure 16A-16C show aspect, rear, and top views of a bezel that may be used in a UPS 
door assembly according to one embodiment of the present invention. More particularly, 
Figure 16A shows a bezel component 1601 that may be used in association with a door 
30 assembly 1401. 

Figure 16B shows a front view of a bezel 1601 according to one embodiment of the 
invention. As shown, bezel 1601 is approximately 18.22 inches wide and 3.51 inches high, 
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and this bezel corresponds to a 2U sized bezel. As discussed above, bezels may be provided in 
any number of sizes to cover bay/components having various sizes. 

Figure 16C shows a top view of bezel 1601 having a slight curvature of the outside 
edge of the bezel. The bezel dimensions (e.g., bezel depth) may be chosen such that they fit 
5 within a rack-mounted enclosure. That is, when a door of the rack-mounted enclosure is 
closed, the bezel elements and other elements associated with the door component do not 
interfere, and therefore the door assembly may be used in both rack mounted and stand-alone 
configurations. 

In this manner, the cost for producing doors for a variety of UPS units are reduced, as 
10 standard components may be used to assemble doors of various sizes that can be used with 
different UPS system configurations. It is noted that this door assembly may be used, for 
example, for either a stand alone unit or within a rack mounted configuration. Because the 
door may be assembled and fixed by a field personnel, costs for creating and supporting such 
hardware are reduced. 

15 As discussed above, according to one aspect of the invention, a modular UPS is 

provided that may be installed within a rack-mounted configuration. As discussed above, it is 
noted that conventional rack mounting methods for heavier components are difficult to use by 
an installer, as an installer typically needs to align a mounted hardware piece (e.g., a cleat) to a 
respective rail mounted to vertical rack mount support members. Because it becomes difficult 

20 for the installer to manipulate the heavy component to align the hardware piece, alignment 
becomes difficult. 

According to one aspect of the invention, a rail mounting system is provided that 
reduces the level of difficulty for installing heavier rack-mounted components. Figure 17A- 
17B show left and right hand support rails, respectively, that may be used in association with a 

25 modular UPS according to one embodiment of the invention. In particular, Figure 1 7 A shows 
a left hand rail 1701 including a support member which supports a component from 
underneath. Such a support member may include, for example, a ledge 1 703. However, it 
should be appreciated that other support members may be used (e.g., a support member 
extending between a left hand rail 1701 and a right hand 1702). 

30 Rail 1701 may include a primary member 1705 which encases a secondary support 

member 1704 inserted within member 1705. Portions of rail 1701 may be fabricated using, for 
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example, galvanized pre-plate steel (e.g., 1010-1020 CRS). However, other materials may be 
used, and the invention is not limited to any particular materials or manufacturing method. 

Rail 1701 may include one or more brackets 1706, 1707 for securing rail 1701 to 
vertical frame members of a rack-mounted system. Such bracket 1 706, 1 707 may be formed as 
5 part of rail 1701, and may include one or more openings for receiving one or more fasteners 
(e.g., rack-mount screws). In one example, bracket 1706 is attached to a front, left hand side 
rail associated with a rack-mounted unit, and bracket 1707 is attached to a left-hand rear 
vertical rail of the rack-mounted system. Rail 1701 may be installed, for example, by a field 
technician within the rack-mounted system prior to insertion of the component. Figure 1 7B 
10 shows a right-hand rail 1 702 that may be installed on vertical rails opposite those on which rail 
1701 is installed. 

Figures 18A-18B show installation of a rail (e.g., rail 1701) into a rack assembly 
according to one embodiment of the present invention. Figure 18A shows a front left side of a 
rack assembly having a vertical rack mount rail 1 801 . Rail 1 801 includes a number of 

15 openings through which fasteners may be installed. More particularly, rail 1701 may be 

aligned behind an edge of rail 1801 having a number of openings which can be aligned to one 
or more openings of rail 1701 . One or more fasteners (e.g., screws) may be inserted through 
openings in rail 1801 and inserted into a bracket associated with rail 1701. For instance, screw 
1802 maybe inserted into an opening 1804 in vertical rack mount rail 1801 and inserted into 

20 an opening 1 805 of rail 1 701 . One or more washers, (e.g., washer 1 803) may be used and 
associated with one or more screws to secure rail 1701 to the vertical rack mount rail 1801. 

Rail 1701 may also be secured at the rear of the rack mount assembly. More 
particularly, as shown in Figure 18B, rail 1701 may be secured to a rear vertical rack mount 
rail 1804 by one or more fasteners. As discussed above, with reference to Figure 18 A, one or 

25 more screws may be positioned through openings in rail 1 804 and further into openings within 
a bracket associated with rail 1701. It is noted that rail 1701 may be extended by adjusting an 
interior support member an additional distance d to extend to vertical rack mount rail 1 804. 
Such an extending rail 1701 is beneficial, in that the size of rail 1701 may be adjusted to 
account for discrepancies in the distance between front and rear vertical rack mount rails (e.g., 

30 rails 1801, 1804). Because rail 1701 can be extended in this manner, rail 1701 may be used in 
a variety of installations, and therefore, production costs are further reduced. 
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Once both left and right hand rails are installed within the rack mount system, a 
component 1901 may be inserted into the rack. Component 1901 may include an opening 
1902 that aligns with a support member 1903 when component 1901 is fully inserted into the 
rack. Figure 20 shows component 1901 fully inserted into the rack, and support member 1903 
5 inserted into opening 1902 of component 1901. In this manner, vertical movement of 

component 1901 is restricted as rail 1701 prohibits vertical movement of component 1901 with 
an additional support member that inserts into the frame of the component (e.g., a core UPS 
frame or expansion frame associated with a modular UPS system). 

Such a rail system increases the allowable tolerance zone for blind engagement 

10 between the component being supported and right and left side vertical rail assemblies 

mounted in an equipment rack. Because according to one embodiment of the invention, this 
rail system includes a sliding assembly, the length of the rail may be varied to allow for depth 
differences between different types of equipment racks. 

The front piece of the rail carries weight of the component being installed. According 

15 to one embodiment, the rail includes an L-shaped section on both the right and left hand rails 
which creates a shelf when mounted in the equipment rack. The component is placed on the 
shelf and then pushed back into the equipment rack until front brackets of the component are 
positioned against vertical rack mount rails. When the component is fully inserted, openings in 
the frame except a tab feature located on the rear end of the rails, with this tab acting as a rear 

20 anchor between the component being installed and the rail system. In comparison with 

conventional C-section and the cleat design as described above, side-to-side alignment of the 
component becomes less critical, and therefore the installation becomes simpler for an installer 
in the field. 

As discussed above, components which are conventionally associated with a UPS 
25 frame may be moved to one or more modular components which can be inserted/removed for 
installation in the field by field personnel and removed/replaced in case of a component fault. 
Also as discussed, input power conditioning and switching components may be moved from a 
backplane or system processor associated with the UPS frame, to a specialized module or tray 
referred to herein as an AC tray. Figures 7A-7C discussed above show aspect, front, and rear 
30 views, respectively, of a physical layout of an AC tray module 700 according to one 
embodiment of the present invention. 
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Figure 21 shows a shows a circuit diagram of an AC tray circuit according to one 
embodiment of the present invention. Figure 21 shows a particular configuration where the 
UPS produces a single phase output. According to one embodiment of the invention, the AC 
tray module 2101 is a modular part of the UPS system that provides an interface between the 
5 Input/Output terminal block and the UPS system backplane. In particular, tray 2101 includes 
an input circuit breaker 2103 that receives an input power supply through a terminal block 
2102 having one or more lines (LI, L2, L3, N). 

The circuit breaker 2103 includes one or more alternating current (AC) outputs. Tray 
2101 also includes an input filtering circuit 2104 that is coupled to the one or more outputs of 

10 the input circuit breaker 2103, and provides one or more filtered AC outputs to a power 

module or a load attached to the UPS system. A relay element (not shown) also receives one 
or more of the filtered AC outputs, and provides one or more filtered AC outputs to a 
backplane component that is coupled to power module 2110. 

Tray 2101 further includes a bypass switching element (e.g., bypass contactor 2108) 

15 that receives the filtered AC outputs and is adapted to bypass the relay element that provides 
power to one or more power modules, and instead provides electrical signals associated with 
the filtered AC output directly to the one or more electrical loads (PDU 2109). Tray 2101 may 
also include a manual bypass switch that may be activated by an operator from the UPS 
system. In one embodiment, the AC tray 2101 includes a physical switch that can be manually 

20 triggered by the operator. 

Tray 2101 may also include an output current sensor 2106 which is used to monitor 
current as provided by the power modules, or any of the bypass modes. As discussed, tray 
2101 may also include one or more transient suppression elements used for suppressing 
transient electrical signals received from the input terminals. 

25 Figure 22 shows another AC tray circuit according to another embodiment of the 

present invention. In particular, tray 2201 includes similar components to that of tray 2101, 
but includes additional components such that the UPS system may operate in a split phase 
output configuration. To this end, tray 2201 additionally includes another manual bypass 
switch (manual input bypass switch 2107B) in addition to manual bypass switch 2 107 A. 

30 Further, tray 2201 includes an additional bypass contactor 21 08B and output current sensor 

2106B to support the split phase. In this manner, components that have a potential to fail may 
be modularized. Therefore, when a fault is experienced in any of these components, the AC 
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tray module may be repaired or replaced without having to ship or otherwise remove the entire 
UPS system. 

Having now described some illustrative embodiments of the invention, it should be 
apparent to those skilled in the art that the foregoing is merely illustrative and not limiting, 
5 having been presented by way of example only. Numerous modifications and other illustrative 
embodiments are within the scope of one of ordinary skill in the art and are contemplated as 
falling within the scope of the invention. In particular, although many of the examples 
presented herein involve specific combinations of method acts or system elements, it should be 
understood that those acts and those elements may be combined in other ways to accomplish 

10 the same objectives. Acts, elements and features discussed only in connection with one 
embodiment are not intended to be excluded from a similar role in other embodiments. 
Further, for the one or more means-plus-function limitations recited in the following claims, 
the means are not intended to be limited to the means disclosed herein for performing the 
recited function, but are intended to cover in scope any means, known now or later developed, 

15 for performing the recited function. 

As used herein, whether in the written description or the claims, the terms 
"comprising", "including", "carrying", "having", "containing", "involving", and the like are to 
be understood to be open-ended, i.e., to mean including but not limited to. Only the 
transitional phrases "consisting of and "consisting essentially of, respectively, shall be closed 

20 or semi-closed transitional phrases, as set forth, with respect to claims, in the United States 

Patent Office Manual of Patent Examining Procedures (Original Eighth Edition, August 2001), 
Section 21 11.03. 

Use of ordinal terms such as "first", "second", "third", etc., in the claims to modify a 
claim element does not by itself connote any priority, precedence, or order of one claim 
25 element over another or the temporal order in which acts of a method are performed, but are 
used merely as labels to distinguish one claim element having a certain name from another 
element having a same name (but for use of the ordinal term) to distinguish the claim elements. 

What is claimed is: 



